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Abstract. 

s t a r  has been compared with the interplanetary magnetic f ield observed 

with spacecraft near the earth, 

The mean photospheric magnetic field o f t h e  sun seen as a 

Each change i n  polarity of the mean solar 

field i s  followed about 4* days later by a change i n  polarity of the inter-  

planetary field (sector boundary), The scaling of the field magnitude from 

sun t o  near earth i s  within a factor of two of the theoretical  value, indi- 

cating tha t  large areas on the sun have the same predaninant polar i ty  as 

tha t  of the interplanetary sector pattern. _ A n  independent determination 

of the zero level of the solar magnekograph has yielded a value of 0.1 f 

0.05 gauss, 

rotation between the appearance of a new photospheric magnetic feature and 

the resulting change i n  the interplanetary field i s  observed. 

An effect  attr ibuted t o  a delay of approximately one solar 



The magnetic f ie ld  of the Sun seen as a star has been measured with 

the Crimean tower telescope (Severny, 1955) using the paral le l  beam frm 

the coelostat mounting fal l ing on the magnetograph slit. 

gives the mean (averaged over all the elements of the image with the 

distribution of the brightness as a weighting function) longitudinal 

f i e ld  strength (for the description of the mean solar f ield observations 

see Severny, 1969). 

1968 has been compared w i t h  observations of the interplanetary magnetic 

This method 

This m e a n  solar f ie ld  observed i n  March through June 

field obtained w i t h  the Ames Research Center magnetometers on the space- 

c raf t  Explorers 33 and 35, for  which C. P. Sonett i s  the Principal Inves- 

tigator. 

Mihalov -- e t  al. (1968). 

by Wilcox -- e t  al. (1969). 

details .  

The spacecraft magnetometer experiments have been described by 

A brief report on th i s  comparison has been given 

A l l  these papers should be consulted for  f'urther 

The top graph i n  Figure 1 shows a comparison of the observed mean 

solar f i e ld  (dots) with the polarity of the interplanetary magnetic field.  

The polarity of the interplanetary f i e ld  w a s  determined using the method 

described by Wilcox and Colburn (1969). 

plotted on the graph of solar observations taking account of the t rans i t  

time of solar wind plasma from sun t o  earth, as described l a t e r  i n  t h i s  

paper. 

t ion) the mean solar f i e ld  changes polarity a similar change of polarity 

(interplanetary sector boundary) occurs i n  the interplanetary field.  

The interplanetary data was 

It cam be seen i n  Figure 1 that every time ( w i t h  one s m a l l  excep- 

The 

polarity changes i n  the solar and i n  the interplanetary observations are 

usually as close together in  time as could be expected, since the  solar 

observations are obtained only once per day, and since changes i n  the 



solar wind velocity from one sector boundary t o  the next could change 

the transit time of the  boundaries by a day or more. 

The bottom graph i n  Figure 1 shms the t o t a l  f lux Hs (divided by the 

2 
0 

visible  area of the solar disk TI R ) of a l l  sunspots according t o  the rou- 

t ine observations of the  solar patrol. We estimate the sum 

Hs = 0.15 CSiHi/n 
i 

where Si i s  the area of the i t h  sunspot, 

measured maximal absolute value of f ield 

and the factor 0.15 i s  the mean r a t io  of 

R2 
0 

including penumbra, having the 

strength Hi inside the umbra, 

umbra t o  penumbra areas. The 

t o t a l  f l u x  from the sunspotsis often nearly zero, and i n  those cases 

where it has an appreciable magnitude there i s  a considerable tendency 

for the sunspot flux t o  be of the opposite polar i ty  t o  the mea  solar 

f i e ld  and the interplanetary f ie ld .  

sion by Wilcox (1968) that the strong f ie lds  of active regions do not 

contribute direct ly  t o  the 'interplanetary magnetic f ie ld .  

This i s  consistent w i t h  a discus- 

The magnitudes of the mean solar f ie ld  and of the interplanetary 

field are compared i n  Figure 2. 

when it is directed out of the sun and negative when it i s  directed 

in to  the sun, The interplanetary field i s  plotted positive when it 

is  part of a sector w i t h  field polar i ty  away from the sun and is  plotted 

negative when it i s  part of a toward-the-sun sector. Daily observations 

of the solar f ie ld  and 3-hour average observations of the interplanetary 

f ie ld  are plotted, 

within single 3-hour averages so that the interplanetary f ie ld  magnitude 

changes abruptly at  a sector boundary on t h i s  time scale. The change of 

The solar f i e ld  i s  plotted positive 

Most interplanetary sector boundaries are contained 
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polarity i n  the solar observations is  more gradual since they represent 

an average of the field on the slawly (on t h i s  t h e  scale) rotating solar 

disk., 

f i e ld  can change very rapidly. 

one gauss per day, as fo r  example on April 5-6, May 14-15 and June 2-3 (see 

Figure 1). 

relating t o  the mean polar fields of the sun, since rapid changes of polar 

f ie lds  may be related t o  rapid changes of fields i n  other areas contributing 

t o  the mean solar field. 

We note, however, tha t  the magnitude and the sign of the mean solar 

This change can be as large as approximately 

This i s  conslstent with the earlier results by Severny (1967) 

We should expect t o  find the best comparisons of magnitudes i n  the 

middle portions of large sectors, and Figure 2 shows that  t h i s  i s  usually 

the case. The scaLing sham i n  the labels of Figure 2 has been chosen t o  

make the average amplitudes of the two f ie lds  i n  the middle portions of 

large sectors approximately coincide on the graph. 

scaling i s  reasonable. 

6 x gauss corresponds t o  an average radial. canponent of t h i s  f i e ld  

of about 4 x lom5 gauss, since the average Archimedes spiral. angle near 

the earth i s  about 45'. 

interplanetary f i e ld  observed near the earth scales as the radius squared 

t o  about 1.8 gauss at  the surface of the sun. This f i e l d  strength must 

now be multiplied by a factor of about 0,7 for  an assumed radial photo- 

spheric f i e ld  or about 0.5 for  an assumed semi-isotropic photospheric 

f ie ld ,  because the observed mean f i e l d  i s  the average of the line-of-sight 

f i e ld  components from a l l  the elements of area of the solar disk, 

the scaling yields a solar f i e ld  magnitude of 103 gauss t o  0.9 gauss, 

the  ordinates of Figure 2 we see tha t  the 6 x 

Let us see if  t h i s  

The average interplanetary f i e ld  magnitude of 

A radial component of 4 x gauss i n  the 

Thus 

From 

gauss average interplane- 

tary f i e ld  magnitude is  scaled t o  0,75 gauss for  the mean solar f i e ld  
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magnitude, 

within less than a factor of two of t h i s  value. 

The approximate scaling we have done has yielded agreement 

The close agreement between the observed scaling and the calculated 

scaling suggests tha t  large areas on the sun (mostly outside of active 

regions) have a f i e l d  whose predominant polarity agreea w i t h  the polarity 

of the interplanetary magnetic sector pattern. 

la t i tude of the  photospheric f i e ld  averaged over all longitudes indicates 

that  the contributions of the low lat i tude regions (181 S 30') and of the 

The distribution w i t h  

high la t i tude  regions ( I 8 I > 30') can be comparable (Severny, 1967, Fig. 14) e 

The f'urther observation of the distribution over the vis ible  disk of the  

regions responsible for the mean field strength measured for the sun as 

a star would be very important. 

The average time interval between the observation of a polarity 

change i n  the mean solar f ield and the observation of the corresponding 

interplanetary sector boundary near the earth can be determined by c a -  

puting a cross-correlation o f t h e  two sets of observations as a function 

of la@;, 

which a positive lag caresponds t o  the observation of a magnetic feature 

first on the sun and later near the earth. The centroid of the peak cor- 

relation i s  at a lag  of @ -I * days, which i s  consistent with ea r l i e r  

magnetic f ield comparisons summarized i n  Wilcox (1968) and w i t h  the t rans i t  

t h e  of solar wind plasma from sun t o  earth based on observed solar wind 

velocit ies,  

The resul t  of this  cross-correlation i s  shown i n  Figure 3, i n  

An interesting effect  appears i f  the  cross-correlation described 

above i s  extended t o  lags corresponding t o  several solar rotations. 

resul t  of th i s  cross-correlation i s  shown i n  Figure 4. 

i n  Figure 3 at  a lag of 4* days is  vis ible ,  corresponding t o  the direct  

The 

The peak shown 
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transport of magnetic f i e l d  l i nes  from the sun t o  the earth. 

planetary sector pattern usually c 

solar rotation t o  the next (see Figure 5), and therefore i n  Figure 4 we 

may expect t o  see other peaks i n  the cross-correlation a t  lags separated 

by multiples of 27 days from the 4+ day peak, 

from the 44 day peak the ma,@tude of the correlation peak will decrease 

since there is a slow evolution of the interplanetary sector pattern with 

time. 

of the shaded peaks i n  Figure 4, 

peaks; they W i l l  be discussed l a t e r . )  

expected behavior i s  seen a t  the peak a t  a lag of 4* + 27 days. 

peak is  considerably larger than would be expected; i n  fac t  the absolute 

magnitude of t h i s  peak i s  lwger  than the magnitude of the peak a t  4s 

days. The explanation for  the anamolous size of the peak a t  4+ -t 27 

days m a y  be found On the discussion of Schatten -- e t  EL (1968) showing 

that  there may be a delay of approximately one solar rotation between the 

appearance of a new magnetic feature i n  the photosphere and the resulting 

change i n  the interplanetary sector pattern. 

on the correlation analysis shown in Figure 4 may be understood i n  the 

following way. 

in  t h e .  

also be stationary i n  time, and an analysis such as that  of Figure 4 would 

show a ser ies  of correlation peaks every 27 days all having the same 

height. 

photosphere. 

that there i s  - not a prompt corresponding change in  the interplanetary 

The inter-  

es by only a small amount from one 

A s  we move farther away 

This effect  i s  shown by the s t ra ight  l ines  drawn through the tops 

(Ignore for  the moment the unshaded 

A conspicuous exception t o  th i s  

"his 

The resul t  of such a delay 

Assume first tha t  the solar magnetic f ie ld  i s  stationary 

Then the resulting interplanetary magnetic sector pattern would 

Let us now change the polarity of a particular area i n  the 

In accordance with the above discussion we w i l l  assume 
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sector pattern, 

smewhat reduced, corresponding t o  this  discrepancy i n  the direction of 

the two fields. 

t ion  the corresponding change i n  the interplanetary sector pattern w i l l  

have occurred, and similarly the correlation at 4-$ + 27 days will be back 

t o  the full value. 

Then the correlation peak at a lag  of 4* days w i l l  be 

We may further assume that i f  we w a i t  fo r  one solar rota- 

We may consider the meaning of the unshaded correlation peaks in  

Figure 4, Figure 5 shws  the interplanetary magnetic sector structure 

observed during 1968, 

a l igh t  shading and those with f i e ld  polar i ty  toward the sun have a dark 

Sec%,ors with field polarity away from the sun have 

shading. 

compared with the mean solar f ie ld  is indicated by the l e t t e r s  labelled 

SEvERMl i n  Figure 5. 

comparing the interval i n  Figwe 5 labelled SEVERNY w i t h  the other in te r -  

v a s  of Figure 5. We may notice that an approximately 180° phase change 

has occurred i n  Figure 5 between the first few rotations of the year and 

the last f e w  rotations of the year. 

portion of each rotation has field amy fram the sun, while i n  the las t  

f e w  rotations most of the first portion of each rotation has f i e l d  directed 

toward the suno 

peaks that appear i n  Figure 4, 

The interval of time during which the interplanetary f i e ld  was  

The cross-correlation in  Figure 4 is equivalent t o  

In the first rotations the first 

This phase sh i f t  through the year has caused the unshaded 

We may f'urther note from Figure 5 that  

usually the interplanetary sector pattern changes by only a small amount 

from one solar rotation t o  the following rotation. 

It i s  possible by comparing the observed solar and interplanetary 

magnetic f ie lds  t o  make an independent determination of the zero level 

of the solar magnetograph. This determination is  of some interest ,  par- 

t i cu la r ly  since large areas: of the photosphere sometimes are observed t o  
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have a single dominant polarity. 

t o  take the zero level  of the observed interplanetary field as a standard, 

since it is  known t o  wi th in  about 4 percent of the average f i e ld  magnitude. 

We wish t o  determine whether the addition of a small increment of f i e ld  AB 

t o  the observed mean photospheric f ie ld  w i l l  imprave the agreement between 

the two sets of observations. For t h i s  determination a number of cross- 

correlations between the average photospheric f ie ld  magnitude and the 

interplanetary f ie ld  magnitude were computed. 

a small increment of f ie ld  AB was added t o  the observed mean photospheric 

f ie ld .  

The principle of t h i s  determination is  

For each such correlation 

Figure 6 shows the peak cross-correlation between the two fields 

as  a f'unction of AT-3. 

t ions i s  obtained by adding 0.1 f 0.05 gauss t o  the  solar observations. 

This independent determination is  consistent w i t h  the accuracy o f  f 0.15 

gauss quoted by Severny (1970). 

The best agreement between the t w o  se t s  of observa- 

During the interval i n  1968 examined i n  t h i s  report the mean solar 

f ie ld  displayed a predominance toward southern (inward) polarity,  both 

i n  magnitude and duration (see Figure 1). 

nance i s  supported by the agreement between the mean solar f ield and the 

interplanetary f ie ld .  

polarity i n  the solar f ie ld  for  several consecutive rotations have been 

reported by Severny (1967) and by Wilcox (1970). The physical structure 

responsible for  these interesting observations i s  a challenging problem, 

The r ea l i t y  of t h i s  predomi- 

Other examples of the predominance of a single 

The comparisons discussed here appear t o  be consistent with a pre- 

viously discussed pattern In  the large-scale weak photospheric magnetic 

f ie ld ,  

observations during l%5. 

Figure 7 shows a sector boundary i n  t h i s  f ie ld  computed from 

To the east  of the boundary the f ie ld  direction 



was predominantly out of the sun and t o  the west of the boundary the field 

direction was  predominantly into the sun. The solar sector boundaries 

rotated in  an almost r ig id  system since they were not sheared by the effects 

of the different ia l  rotation. 

tary f ie lds  reported here could exist  only i f  the solar source of the inter-  

planetary f i e l d  were part of such a field pattern that was ordered over a 

large portion of the solar disk, as discussed above for  Figure 2 i n  the 

scaling of the f ie ld  magnitudes from the sun t o  near the  earth. If the 

large-scale photospheric f i e ld  patterns tha t  contribute to t he  observed 

mean solar f i e ld  were subject t o  a different ia l  rotation of the magnitude 

reported by Newton and Nunn (1951), the detailed correspondence shown i n  

Figure 1 between polarity changes i n  the mean solar f i e ld  and i n  the inter-  

planetary f i e ld  would be obscured. 

changes remains good i n  all the observations we have compared we conclude 

tha t  the influence of different ia l  rotation on the mean solar f i e ld  w a s  not 

large during the interval we have examined. 

The agreement between solar and interplane- 

Since the correspondence between polarity 

The schematic sham i n  Figure 7 was obtained from cross-correlations 

between the photospheric f i e l d  observed i n  the conventional manner w i t h  a 

solar magnetograph and the observed interplanetary f ie ld .  Figure 8 shows 

the resul ts  of such cross-correlations as obtained by Schatten e t  al. (I-969), 

The schematic sector boundary of Figure 7 i s  obtained from Figure 8 i n  the 

following manner, We notice i n  Figure 8 that j u s t  t o  the right of the Y e r -  

t i c a l  l i ne  corresponding t o  zero lag there i s  a positive peak i n  the corre- 

lation. This peak occurs at  a l l  the la t i tudes investigated. L e t  us assume 

that  a t  some particular la t i tude t h i s  peak occurs a t  a lag of 4-$ days, 

corresponding t o  the transport by the solar wind plasma of solar magnetic 

-- 
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f i e l d  l ines  from the sun t o  the interplanetary medium near the earth. 

presence of a similar cross-correlation peak at some other heliographic 

la t i tude  indicates tha t  at t h i s  other la t i tude  there exis ts  a photospheric 

f i e ld  pattern similar t o  that of the source la t i tude.  

peak a t  th i s  second la t i tude  is  also 4* days then a sector boundary would 

appear at  the  same longitude a t  both lati tudes.  If the lag of the corre- 

la t ion peak at the second la t i tude  were for  example 5-$ days then the sector 

boundary at that la t i tude  would appear at  a longitude about 13' t o  the west 

"he 

If the l a g  of the 

of i t s  position at the source lati tude.  Thus the re la t ive longitude of the 

sector boundary sham i n  Figure 7 as a function of la t i tude corresponds t o  

the l a g  of the  cross-correlation peak i n  Figure 8 as a function of lati tude.  

Figure 8 shows the same property tha t  appeared i n  the present investi- 

gation i n  the discussion of Figure 4, namely tha t  the height of the cross- 

correlation peak a t  a l a g  of 4+ -t 27 days is  larger than the height of the 

peak a t  a lag of 4$ days. In Figure 8 th is  property can be seen i n  - each of 

the la t i tudes investigated. As discussed above, t h i s  property appears t o  

be related t o  a lag of about one solar rotation between the appearance of 

a new photospheric mgnetic feature and the corresponding change i n  the 

interplanetary magnetic sector pattern. 

The present investigation has sham that the observed mean solar f ie ld  

i s  very similar t o  the interplanetary magnetic f ie ld  tha t  w i l l  be observed 

near the earth approximately 4& days  later. "bus the  observed mean solar 

f i e l d  i s  a prediction of the interplanetary field that w i l l  be obqerved a t  

the earth 4 or 5 days later, including a prediction of the a r r iva l  time of 

sector boundaries a t  the earth. 

arrival. of a sector boundary has been shown (Wilcox and Colburn, 1969) t o  

The average gearnaghetic response t o  the 
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consist of a monotonic decline i n  ac t iv i ty  i n  the days preceding the boundary 

followed by an abrupt increase near the arrival. of the boundary. Thus obser- 

vation of the mean solar field may aid i n  predicting geomagnetic activity.  

Several properties of the capar i son  between the observed mean solar f i e l d  

and the observed interplanetary f ie ld  appear t o  be consistent with previous 

analyses of the solar and interplanetary magnetic sector patterns. 
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Figure Captions 

Fig. 1. 

polar i ty  of the interplanetary magnetic f i e l d  (bars) . 
f i e l d  observations are displaced by 4-$ days t o  allow fo r  the average t r a n s i t  

t i m e  of solar  wind plasma from the  sun t o  the earth.  

of the solar observations. Bottom: Contribution of sunspot magnetic f i e lds  

t o  the mean solar f i e l d  ( a f t e r  Wilcox e t  al., 1969). 

Top: Mean value of t he  solar magnetic f i e l d  (dots) and the 

"he interplanetary 

The abscissa i s  the time 

Fig. 2.  Comparison of the  magnitude of the  mean solar f i e l d  and of the 

interplanetary f i e ld .  

mean solar  f i e ld ,  and the  dots are 3-hour average values of the interplane- 

ta ry  f i e l d  magnitude observed near the earth. The solar  observations are 

displaced by 44 days t o  allow for  the  average sun-earth t r a n s i t  t i m e .  

abscissa i s  the time of the interplanetary observations. 

The open c i rc les  are the da i ly  observations of the 

The 

Fig. 3. 

the direct ion of the interplanetary f i e l d .  

re la t ion i s  a,t  a lag of 4-$ f $ days. 

Cross-correlation of the direct ion of t he  mean solar f i e l d  with 

The centroid of the peak cor- 

Fig. 4. 

extended over several solar  rotations.  

Same as Figure 3, but with the lag  of the  cross-correlation 

Fig. 5. Interplanetary magnetic sector structure observed during 1968 

with Explorers 33 end 35 overlayed on a chart of planetary magnetic 3-hour- 

range indices Kp ( a f t e r  Bartels). 

the sun and l i gh t  shading' i s  f i e l d  polar i ty  away from the sun. During the  

time in te rva l  labelled SEVERNY t h i s  interplanetary sector pat tern was com- 

Dark shading i s  f i e l d  polar i ty  toward 

pared with the mean solar  f i e l d  i n  the present investigation (after Wilcox 

and Colburn, 1970) 
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Figo 6 .  

netograph. 

Independent determination of the zero leve l  of the solar mag- 

The peak cross-correlation of the mean solar  f i e l d  with the 

interplanetary f ie ld  is  plotted as a function of' an increment AB added t o  

the observed solar field. The best agreement i s  obtained when 0,1 f 0.05 

gauss i s  addedto  the observed solar field. 

Fig. 7. 

during 1965. 

Schematic of the average position of a solar  sector boundary 

On each side of the bounddry the weak background photo- 

spheric magnetic f ield was  predominantly of a single polarity i n  equatorial 

l a t i tudes  on both sides of the equator (a f te r  Wilcox e t  ale, 1969). 

Fig. 8. 

a source surface (see Schatten et ale9 1969) 0.5 Ra above the photosphere 

with the radial component of the interplanetary magnetic f ie ld  as a 

function of time lage Nine solar  rotations of data are u t i l i zed ,  with 

correlation extending from 45ON t o  35's i n  in te rva ls  of 5'. The curve 

near the labe l  45' i s  the cross-correlation between the  solar f ield a t  

tha t  l a t i tude  and the interplanetary f i e ld ,  with the horizontal l i n e  

labelled 45' representing zero cross-correlation, the ho r i zon ta  l i n e  

above representing 1.0 correlation and the horizontal l i n e  next below 

representing -1.0 correlation. 

displaced i n  a similar format. 

Cross-correlation of the solar  magnetic f ie ld  calculated on 

The results fo r  all other la t i tudes  are  
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